Electrophoretic comparisons of outer membrane proteins of Haemophilus somnus isolates revealed 2 major protein bands (46 and 14 kilodaltons [kD]) common to all isolates tested. A monoclonal antibody raised against H. somnus reacted to the 46-kD band.
cillus. 1, 9, 21 Diagnosis of disease caused by H. somnus is made by isolation and identification of the organism or by detection of an increased antibody titer to H. somnus in paired serum samples. Disease diagnosis is complicated by the heterogeneity and lack of reactivity of H. somnus organisms presence of antibod on ies biochemical tests and by the that can cross-react with whole bacteria used as antigen in standard microagglutination tests or enzyme-linked immunosorbent assay (ELISA). 5, 11 The objectives of this study were to isolate outer isolates), b were used. Haemophilus somnus isolates were grown on Columbia blood agar (CBA) plates containing 10% bovine blood and 0.1% yeast extract at 37 C in 10% CO,. Isolates were propagated in the yolk sac of embryonating chicken eggs and stored at -70 C. Other bacterial species used in the microagglutination assay c included Actinobacillus suis, A. equuli, Pasteurella haemolytica, P. multocida, and P. pneumotropica and were grown on blood agar plates immediately prior to use.
Isolation of outer membrane proteins. Bacterial cells were harvested from CBA, washed, and resuspended in sterile saline. These bacterial cells were sonicated for 3 min in 30sec bursts on ice. After being centrifuged at 10,000 x g for membrane proteins (OMP) of Haemophilus somnus 20 min to remove unbroken cells, the supernatant was cenand to use monoclonal antibodies (MAB) developed trifuged at 100,000 x g for 1 hr to pellet outer membranes. 3 against isolated polypeptides in a coagglutination assay The membrane pellet was resuspended in 0.5% Sarkosyl and to detect H. somnus antigen.
incubated at 25 C for 20 min or at 4 C overnight, then centrifuged at 100,000 x g for 1 hr. The Sarkosyl incubation and centrifugation were repeated. ethanol as described . 13 Continuous SDS-PAGE was per-Received for publication September 1, 1989. formed using a 4.5% polyacrylamide stacking gel and a 12.5% polyacrylamide slab gel. Electrophoresis with a slab cell apparatus e was carried out at a constant current of 35 mA until the dye front reached the bottom of the gel (4-5 hr). The gels were either stained with Coomassie brilliant blue or electrotransferred to nitrocellulose. 22 The protein standards used for molecular size comparisons were myosin (205 kD), betagalactosidase (116 kD), phosphorylase b (97.4 kD), bovine albumin (66 kD), egg albumin (45 kD), and carbonic anhydrase (29 kD). e Monoclonal antibodies. Hybridoma cells f producing monoclonal antibodies against H. somnus were isotyped using a mouse monoclonal typing kit. g Large-scale antibody production was achieved by injecting hybridoma cells intraperitoneally into 10 BALB/c male mice. h 23 The ascitic fluid and culture supernatant from hybridoma cells was collected and used in diagnostic test development.
Immunoblotting procedure. Western blots of purified OMP, using hybridoma cell supernatant from the clones as antibody, were performed in an attempt to select a clone that recognized one of the major protein bands. After electrophoresis, the SDS-PAGE gel was equilibrated in transfer buffer (25 mM Tris, 192 mM glycine, 20% methanol, pH 8.3), then the antigens were electrophoretically i transferred to nitrocellulose. 22 The blots were incubated in phosphate buffered saline (PBS) (pH 7.2) Tween-20 (PBS-T), bovine serum albumin, and gelatin blocking buffer for 45 min at 25 C to bind unoccupied binding sites then washed in PBS-T 3 times for 10 min each at 25 C. The blots were then incubated for 2 hr with monoclonal antibody-containing supernatant from each of 8 different hybridoma clones and were washed 3 times in PBS-T for 10 min each at 25 C. Bound antibody was detected by incubation at 25 C for 1 hr in PBS-T containing a 1:2,000 dilution of horseradish peroxidase (POD)-conjugated goat anti-mouse IgG. i The blot was washed 3 times in PBS for 10 min each at 25 C and was incubated in substrate solution (4-chloro-1-naphthol, methanol, 0.1% hydrogen peroxide)" until color developed.
Haemophilus somnus whole cell tests. Whole cell tests were performed using H. somnus cells and culture supernatant from the hybridoma cells. Haemophilussomnus whole cells were harvested, washed, and incubated with monoclonal antibody for 1 hr. The cells were then washed, incubated with anti-mouse IgG-POD for 1 hr, washed, then incubated with substrate at 25 C and observed for color development. Both antigen and antibody controls were used. Antigen controls consisted of H. somnus whole cells incubated with the goat anti-mouse IgG-POD followed by substrate (no monoclonal antibody). Antibody controls consisted of fetal bovine serum in place of monoclonal antibody and also monoclonal antibody without H. somnus whole cells. Eight different hybridoma culture supernatants were tested by this method in search for a clone that reacted with H. somnus whole cell.
Production of hyperimmune serum. Bands were removed from the SDS-PAGE gel and ground in a mortar and pestle cooled with liquid nitrogen. The powder was then suspended in sterile PBS and mixed with Freund's adjuvant. Hyperimmune serum was produced in a goat by subcutaneous injection of 0.5 mg of the protein band suspended in Freund's complete adjuvant, followed by booster doses (0.25 mg of the protein band suspended in Freund's incomplete adju- vant) at 2-wk intervals. Antibody production was monitored using an ELISA. 15 Coagglutination tests. Coagglutination tests were performed using a monoclonal antibody coagglutination assay previously described for Haemophilus influenzae. 10 Briefly, 0.2 ml of Cowan strain Staphylococcus aureus suspension (source of crude protein A) was washed with 8.2 pH borate buffer. The pH and molarity used to bind the monoclonal antibody to the protein A was based on the results of previous studies on conditions for binding IgG to protein A. 18 The pellet was incubated with 40 µ1 of mouse ascitic fluid monoclonal antibody or goat anti-H. somnus hyperimmune serum at 25 C for 30 min then suspended in PBS (pH 7.4) containing 100 mM glycine, 1 mM (ethylene diamine tetracetic acid (EDTA), and 0.5% gelatin. Bacteria to be tested were suspended in PBS (pH 7.4) at a concentration of 4.5 x l0 9 cells/ ml. The coagglutination test was performed by the addition of 50 µ1 of the monoclonal reagent to 50 µ1 of the bacterial suspension on a glass plate and manual rotation for 2-3 min. The presence or lack of agglutination was recorded. Haemophilus somnus whole cell tests. The whole cell test was positive against H. somnus when monoclonal antibodies were present and negative against controls ( Table 1 ). Eight of the hybridoma cell lines tested produced monoclonal antibodies, and the best was selected for further studies on the basis of intensity of color reaction.
Results
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Coagglutination tests. The coagglutination test using monoclonal antibodies was positive to all H. somnus isolates tested. The coagglutination test using the monoclonal antibodies was negative to A. equuli, A. suis, P. haemolytica, P. multocida, and P. pneumotropica, but the test using the hyperimmune serum produced against H. somnus in the goat was positive against all organisms except P. haemolytica (Table 2 ).
Discussion
Cell wall OMP are bacterial antigens that can stimulate an immune response in an infected host. 17 An immune response to OMP can play an important role in providing protection against experimental or natural infections. 17 Gram-negative bacteria are usually characterized by 10-20 minor OMP's and 4-5 major OMP's. 17 By polyacrylamide gel electrophoresis, cell wall protein profiles of H. somnus include 10 major proteins common to all strains of H. somnus. 20 In the present study, 2 major OMP bands with apparent molecular sizes of 46 kD and 14 kD were found. Western blots using MAB from hybridoma cell supernatant reacted with the 46-kD band. These MAB also reacted with H. somnus whole cells, indicating that the MAB were directed against external surface antigen. Using SDS-PAGE, other investigators have found polypeptide fractions with molecular sizes of 76, 60, 40, 34, 31, 29, and 18 kD. 5, 8 Convalescent serum from H. somnus infection strongly recognized the 76-and 40-kD fractions; the other fractions were recognized less strongly. Absorption with H. somnus whole cells decreased reaction against the 76. and 40-kD fractions, indicating that they were extema1. 5, 8 Differences in technique between previous studies and this study can explain the differences in the apparent molecular sizes of the major protein bands. Previous studies used a Triton X-100 outer membrane protein extraction procedure, or a Sarkosyl extraction procedure for outer membrane protein, and a gradient gel for protein separation. 5, 8 Various diagnostic tests can be used to diagnose H. somnus infection. Tests for antibody to H. somnus include ELISA, complement-fixation, agar gel immunodiffusion, and bacterial agglutination. 4, 5, 15 Tests for antigen include isolation of the organism and coagglutination tests. 5, 10 Diagnostic tests utilizing antibody can be misleading because of cross-reactivity with other bacterial. 4, 5 In the present study, cross-reactions were not demonstrated, using the coagglutination test with a MAB, l6 Cross-reactivity has been demonstrated in ELISA studies with H. agni only, using whole cell or saline extracts of H. somnus. 4 Conflicting results could be explained by variations in test reagents, test conditions, or antigens of bacteria used in the tests.
Coagglutination assays provide a rapid and simple means to test for Haemophilus antigen. 10 The use of MAB gives specificity to the test. 10 When polyclonal antibody produced against bacterial whole cells is used in diagnostic tests, cross-reactivity to other organisms can occur. 5 By using MAB directed against purified outer membrane antigens, one can overcome the problem of cross-reactivity by selecting unique antigenic sites. It is important to choose a MAB directed against an external antigen shared by all or most H. somnus
isolates. The fact that the MAB used in the present study reacted with H. somnus whole cells suggested that it recognized surface exposed antigen.
